flow, found an average fall of 22 per cent in five patients after this operation (4). Hepatic oxygen consumption did not appear to be decreased. Nardi, using a less widely accepted technique for liver blood flow determination (the disappearance rate of radioactive colloidal chromic phosphate), noted a fall in six of nine patients after splenorenal shunt (5). The mean change in the nine patients was a fall of 24 per cent.
Surgical decompression of the portal system by construction of an anastomosis between the splenic and left renal veins or between the portal vein and inferior vena cava is an effective treatment for portal hypertension in cirrhosis. Shunts of this type have been shown to be remarkably effective in the prevention of recurrent variceal bleeding (1, 2) . In view of the known high incidence of repeated and eventually fatal hemorrhages in those cirrhotics who have already had one episode of variceal bleeding, there is little question concerning the indication for a shunt in such patients, providing they have sufficient hepatic reserve to withstand the immediate trauma of surgery.
With improvement in surgical technique and patient selection, the previously formidable mortality from these operations has been greatly reduced. Consideration can now be given to extending the indication for shunt surgery to patients with demonstrable varices which have not yet ruptured (3) . In debating the merits of "prophylactic shunts," we need both statistics concerning the life expectancy and probability of variceal rupture in these patients under conservative therapy, and information concerning the changes in hepatic hemodynamics and metabolism that might result from the various shunting procedures.
The available data bearing on the latter problem are limited and are concerned largely with the changes after splenorenal shunt. Bradley, Smythe, Fitzpatrick, and Blakemore, using the standard bromsulfthalein method to measure liver blood 1 Supported by grants from the National Heart Institute, United States Public Health Service (H-1718-C), and the Los Angeles County Heart Association. 2 Presented, in part, to the Western Section, American Federation for Clinical Research, Carmel, California, January 31, 1957. flow, found an average fall of 22 per cent in five patients after this operation (4) . Hepatic oxygen consumption did not appear to be decreased. Nardi, using a less widely accepted technique for liver blood flow determination (the disappearance rate of radioactive colloidal chromic phosphate), noted a fall in six of nine patients after splenorenal shunt (5) . The mean change in the nine patients was a fall of 24 per cent.
In the end-to-side portacaval shunt, the portal vein is ligated and divided, and its distal end is implanted into the vena cava. Diversion of portal blood from the liver is therefore complete, and hepatic hemodynamic changes would be expected to be even greater than after a splenorenal shunt. Published studies on hemodynamic changes are limited to three cases included in the report of Bradley, Smythe, Fitzpatrick, and Blakemore (4) , and in these three, hepatic blood flow fell an average of 36 per cent. In the clinic from which our patients are drawn, end-to-side portacaval shunt is the procedure of choice for the relief of portal hypertension in cirrhosis (6) . In 10 such patients, we have made pre-and postoperative comparisons of the standard liver function tests, and the data obtainable from hepatic vein catheterization, namely, hepatic blood flow and oxygen consumption, wedged hepatic venous pressure, and postsinusoidal hepatic vascular resistance. This communication details our findings and discusses their implications on the therapy and pathologic physiology of portal hypertension.
MATERIALS AND METHODS
Ten patients with end-to-side portacaval anastomoses were the subjects of the study. All were chronic alcoholics and in each, a surgical liver biopsy confirmed the diagnosis of cirrhosis. Esophageal varices were visualized by X-ray in seven cases and by esophagoscopy in 606 three. Bleeding from ruptured varices had occurred in all patients except one (J. J.). He had splenomegaly, leukopenia and large esophageal varices demonstrable by X-ray and esophagoscopy. The patients were studied prior to and again following the shunting procedure, as soon as the clinical condition permitted. In two subjects (J. J. and T. S.), the preoperative studies were made on the day of surgery, just prior to the operation. The postoperative studies were made within two months of surgery in eight subjects, three and one-half months after surgery in one (C. M.) and nine months after surgery in another (J. R.).
Hepatic vein catheterization was performed by the usual technique (7) . All patients were fasting at the time of the study. Wedged hepatic vein pressure (WHVP) was recorded with the catheter tip wedged into and occluding a small hepatic venous radical (8) . The pressure levels reported are net pressures computed by subtracting the measured inferior vena caval pressures from the measured wedged pressure. The use of vena caval pressure as a reference point eliminates errors due to elevation of right atrial pressure, or to inaccurate positioning of the zero point of the pressure recorder (9) . Whenever possible, WHVP was recorded from more than one site in the liver to guard against inaccuracy occasioned by incomplete wedging of the catheter. If different levels of WHVP were encountered at different sites, the highest pressure was utilized. In all the preoperative and in nine of the postoperative studies, WHVP, hepatic blood flow, and oxygen uptake data were obtained with the catheter in the right hepatic lobe. However, in Patient R. R., the postsurgical data were obtained with the catheter in the left lobe, since it was impossible to enter a right hepatic vein sufficiently deep to preclude mixing of vena caval and hepatic venous blood during sampling.
With the catheter deep in a hepatic vein, the estimated hepatic blood flow (EHBF) was determined by the bromsulfthalein (BSP) method (7) . After a primer dose of from 40 to 60 mg. of BSP was given intravenously, a dilute BSP solution was infused at a given rate by a constant infusion pump. An amount of BSP primer necessary to produce a plasma concentration of approximately 1.5 mg. per cent was estimated from a previously performed 30 minute BSP test (5 mg. per Kg.), and from the patients' body size. An infusion rate was then chosen (usually from 2.0 to 2.5 mg. per minute) which, it was anticipated, would not exceed the liver's ability to keep the plasma BSP levels constant. Simultaneous samples of femoral arterial and hepatic venous blood were taken at approximately 5 minute intervals beginning 20 minutes after injection of the BSP primer. BSP concentrations in the serum were determined calorimetrically after the method of Gaebler (10) . The hepatic plasma flow was computed from the hepatic removal rate of BSP and the peripheral arterial-hepatic venous BSP concentration difference. EHBF was calculated from this value and the arterial hematocrit. The rate of BSP infusion (mg. per minute) was corrected for the rate of change of BSP concentration (ABSP) in the arterial plasma by the formula of Bradley, Ingelfinger, Bradley, and Curry (7) , and the resultant value was taken to be the hepatic removal rate of BSP (RBSP). The validity of the values for hepatic blood flow obtained in this study was determined by the relationship of the rate of change of the arterial BSP concentration to the hepatic removal rate of BSP. It is felt that the correction applied for the rate of change of the arterial plasma BSP levels is, at best, an approximation, since the plasma volume is estimated from a nomogram. Therefore, as this correction factor becomes large in proportion to the value for hepatic BSP removal, the (11) in Patients R. R., C. M., T. S., J. R., M. L., and J. J., preoperatively, and in R. R., C. M., T. S., C H, and J J., postoperatively. In all other instances, the oxygen content was computed from the blood oxygen saturation (determined with a Waters-Conley oximeter) and blood hemoglobin values.
In the preoperative studies splanchnic oxygen consumption (SOC) was computed from the arterial-hepatic venous oxygen difference and the hepatic blood flow. SOC includes both hepatic oxygen consumption (HOC) and the oxygen uptake of the viscera drained by the portal vein. This latter component of the total SOC is relatively small (see below 
RESULTS

Estimated hepatic blood flow (EHBF)
The EHBF preoperatively ranged from 815 to 2,910 ml. per minute, and averaged 1,490 (±+182)' ml. per minute. After the shunting operation, the hepatic blood flow ranged from 365 to 2,080 ml. per minute with a mean value of 800 (±93) ml. per minute (Table I, Figure 1 ). value, in accord with the aforementioned criterion, was considered valid. It should be pointed out that there are several potential sources of ertor in the measurement of the EHBF by the bromsulfthalein method, some of them undoubtedly operative in our patients. If, as reported (12) , the plasma volume is greater than normal in cirrhosis, then the correction for the changing plasma BSP level will be larger than calculated. This will result in the EHBF being overestimated when plasma BSP levels are rising, and being underestimated when they are falling. Fortunately, in most instances in our patients, plasma BSP levels rose comparably in the preoperative and postoperative studies so that any error introduced by low estimates of plasma volume would tend to be systematic and not contributory to differences between pre-and postoperative flows. Only in Patients M. S. and C. H. were plasma BSP levels rising during the preoperative flow determination, and falling during the postoperative measurement. Since the rate of change of plasma BSP concentration was not excessive in either of these patients, the potential error in the EHBF calculation attributable to incorrect estimation of plasma volume is not excessive. In Patient M. S., for example, if plasma volume is 
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Prannornflua actually 50 per cent greater than has been assumed, the preoperative EHBF is 90 ml. per minute too high, and the postoperative value 40 ml. per minute too low.
The influence of the level of arterial BSP concentration on the estimation of hepatic blood flow is a matter of debate. Sherlock, Bearn, Billing, and Paterson felt that arterial BSP levels below 1 mg. per 100 ml. resulted in falsely high EHBF because of the increased importance of extrahepatic BSP removal (13). Bradley, Ingelfinger, and Bradley, on the other hand, has disagreed with this contention (14) . Our own opinion is that the arterial BSP concentration is not a critical factor in the measurement of the EHBF, and that extrahepatic removal of BSP is important only when it represents a significant fraction of the BSP removal rate (i.e., when the latter is small). Nevertheless, it would be preferable to make comparative pre-and post-operative EHBF measurements with the same arterial BSP levels, and we were unable to accomplish this in all of our patients.
In some of our patients there was a considerable variation in hemoglobin levels between the preoperative and postoperative EHBF measurements. Other things being equal, a fall in hemoglobin would be expected to cause a rise in the EHBF. In Patients M. S. and M. L., the rise in hemoglobin at the time of the postoperative measurement may have contributed to the observed fall in EHBF. On the other hand, postoperative declines in hemoglobin in Patients C. M., T. S., and J. R. may have minimized the fall in the EHBF in these cases. Since the mean preoperative hemoglobin level of 10.9 Gm. per 100 ml. differs little from the mean postoperative value of 11.0 Gm. per 100 ml., it is assumed that the net effect of the changes in hemoglobin level on the EHBF is insignificant. )0 Of course, diversion of the portal blood from the liver may have more subtle effects on liver function than are measured by the standard tests. For example, "episodic stupor" has been observed to have its onset after portacaval shunt (18, 19) . Although it appeared in 2 and possibly 3 of the 10 cases included in this report (Patients J. A., J. R., and J. J.), it has not been a frequent complication of the operation in our experience. These three cases afford us an opportunity to observe any possible relationship between the functional disturbance and magnitude of the postoperative fall in liver blood flow. Although Patients J. R. and J. A. both had large percentile falls in their EHBF, there is no clear cut difference in this respect between these two and the remainder of the group. Patient J. J. actually had a relatively minor change in his EHBF, but it is questionable whether he fits into the category of "episodic stupor." When last seen, he had apparently been showing mental deterioration for approximately two months, and we were unable to determine if it was in any way episodic. The WHVP was significantly elevated in all patients prior to the portacaval shunt. By this technique the occluding tip of the catheter is, in effect, extended via a static column of blood along the hepatic venule in the direction of the portal system. Presumably, this static column of blood extends no further towards the portal system than the nearest site of freely anastomosing vessels. This site of anastomosis can be termed the "sinusoid," whether one accepts the cord theory or the plate theory of liver anatomy. In cirrhotics with portal hypertension, the WHVP is elevated to a level approximately 20 per cent below portal venous pressure (20) . Therefore, the area between the catheter tip and the "sinusoid" can be said to include the major share of the vascular resistance in the liver (excluding presinusoidal hepatic arterial resistance). Figure 5 is a diagrammatic representation of hepatic circulation, designed to clarify the information provided by the wedge hepatic venous pressure data. In Figure 5a, Figure 5b are even gross approximations of the true values, then the major increase in resistance in cirrhosis is on the hepatic venous side of the sinusoid (R3). This is in keeping with the anatomical evidence represented by Kelty, Baggenstoss, and Butt (21) .
Although the WHVP fell in all patients after the portacaval shunt, it still remained abnormally elevated. This continued elevation is to be expected if there is no change in intrahepatic vascular anatomy with the operation. In Figure 5c , are charted the mean postoperative values for the blood flow and WHVP in our 10 subjects. R3 
FIG. 5. DIAGRAMMATIC REPRESENTATION OF HEPATIC CIRCULATION SHOWING BLOOD FLOW AND MEAN PRESSURE IN HEPATIC ARTERY (H. A.), PORTAL VEIN (P. V.), HEPATIC VEIN (H. V.), AND SINUSOI (S)
Resistances are indicated by RI, R2, and R3. a, cirrhotic liver; b, normal liver; c, cirrhotic liver after end-to-side portacaval shunt.
sure. The elevated WHVP simply reflects the unchanged hepatic vascular resistance. Portal vein pressures actually fall to insignificant levels after end-to-side portacaval anastomosis, as indicated by direct measurements at surgery and by postoperative catheterization of the portal vein itself, directly through its anastomosis to the inferior vena cava (17) .
The therapeutic implications of the above-noted hemodynamic changes should be considered. The volume of portal blood flowing through the liver in patients with advanced cirrhosis and portal hypertension is surprisingly large. Though the endto-side portacaval shunt has proven to be eminently satisfactory for the prevention of bleeding from esophageal varices, it has the disadvantage of diverting this portal blood from the liver. Although our data do not demonstrate any deterioration in function tests, or any lowering of hepatic oxygen uptake after the operation, it is possible that the reduction in blood flow may interfere with hepatic regeneration or affect other functions that we cannot measure. Consequently, the endto-side portacaval shunt may eventually prove not to be the best surgical approach to the problem of portal hypertension.
The splenorenal shunt, judging from the data of Bradley and co-workers (4), and Nardi (5), causes less lowering of liver blood flow, probably because of a smaller anastomotic orifice. Pressure in the portal system is seldom lowered to the same degree that it is following a portacaval shunt and, since the portal vein is still open, some portal blood may still perfuse the liver. Unfortunately, there is a significant incidence of recurrent variceal bleeding following splenorenal shunt (2), presumably either because of thrombosis of the anastomosis, or inadequate decompression of the varices. Therefore, as presently performed, splenorenal shunt has definite drawbacks.
Two other possible surgical approaches to portal hypertension may be worth further evaluation. One is arterialization of the stump of the portal vein after end-to-side portacaval shunt. This is feasible (22) but technically difficult. The other is creation of a side-to-side portacaval shunt with an anastomotic orifice of limited size designed to relieve, but not entirely eliminate, portal hypertension and thus preserve some portal blood flow through the liver.
SUMMARY
Measurements of the estimated hepatic blood flow, arterial-hepatic venous oxygen difference, hepatic oxygen consumption, and wedged hepatic venous pressure were made in 10 patients before and after an end-to-side portacaval anastomosis. The hepatic postsinusoidal vascular resistance (the ratio of wedged pressure to hepatic blood flow) was determined pre-and postoperatively. Hepatic function, estimated from the usual laboratory tests, was compared before and after the shunt.
Estimated hepatic blood flow fell in 9 of the 10 subjects following the shunt. In the group as a whole, blood flow fell from 1,490 + 182 ml. per minute to 800 ± 93 ml. per minute, a mean percentage decrease of 46 per cent. Hepatic oxygen consumption was essentially unchanged after the surgery. Arterial-hepatic venous oxygen difference increased, averaging 3.8 ± 0.36 volumes per 100 ml. before and 6.3 ± 0.58 volumes per 100 ml. after the shunt. Wedged hepatic venous pressure decreased in every instance, falling on the average from 18 ± 0.63 to 11 + 0.31 mm. Hg, a mean percentage decrease of 38 per cent. The nearly proportional decrease in wedged pressure and hepatic blood flow resulted in essentially unchanged values for the hepatic vascular resistance.
The large fall in hepatic blood flow after the shunt presumably represents the portal component of the preoperative total hepatic blood flow. In spite of the large drop in flow, hepatic function tests were not significantly altered. CASE REPORTS R. R. (#1560-837), a 51 year old white male with a history of heavy alcoholic intake for many years, was admitted to the hospital on March 6, 1955. Hematemesis and melena had occurred earlier that day and the hemoglobin level on entry was 8.0 Gm. per cent. Emergency treatment included the use of the Sengstaken-Blakemore tube and 10 transfusions. At that time there was hepatomegaly, and the tip of the spleen was palpable. There was no ascites. A few days later, laboratory studies were as follows: icteric index, 20 units; cephalin-cholesterol flocculation, 0; serum protein, 6.0 Gm. per cent (A/G, 4.0/2.0); and BSP retention of 14 per cent after 30 minutes. Needle biopsy of the liver revealed portal cirrhosis. X-ray examination showed large esophageal varices. Since then he has had periodic mental confusion and a continuous mild "flapping" tremor. In January, 1957, he suffered a period of marked disorientation accompanied by a gross "flapping" tremor from which he recovered rather rapidly. There have been several subsequent one to two day episodes of marked confusion and
